A lower limit on the neutralino mass in the MSSM with 
non-universal gaugino masses. 



- - - G. Belanger^, F. Boudjema^, A. Pukhov^, S. Rosier-Lees^ 

O , 

O . l.LAPTH, Chemin de Bellevue, B.P. 110, F-74941 Annecy-le-Vieux, Cedex, France. 

2. Skobeltsyn Institue of Nuclear Physics, Moscow State University, Moscow, Russia. 
3. LAPP, Chemin de Bellevue, B.P. 110, F-74941 Annecy-le-Vieux, Cedex, France. 



(N 



Q 



Abstract 



We discuss constraints on SUSY models witli non-unified gaugino masses. We concentrate on 
the slepton/gaugino sector and obtain a lower limit on the neutralino mass combining direct 
, limits, indirect limits as well as relic density measurements. 
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^ 1 Introduction 

(N 
O 

I In the framework of the mSUGRA model which contains a rather limited number of 

p ■ parameters, many detailed analysis on the constraints from various collider experiments, 

^ . high precision lower energies measurements as well as from the point of view of dark matter 

D [ have been performed However it is interesting to relax some of the assumptions 

'-^ ' that go into mSUGRA and strive for a more model independent approach [§-0. 

The main limits on the MSSM parameters come from LEP and Tevatron direct searches 
^ I for SUSY particles and for the Higgs as well as from the muon anomalous moment — 
• the b ^ S'-y process and the relic density of the lightest supersymmetric particle (LSP). 
The LEP limits, the {g — 2)^ limit as well as, to a large extend, the relic density, affect 
mainly the gaugino and slepton sector. On the other hand, the Tevatron is more sensitive 
to the coloured sector while the Higgs mass lower limit severely restricts the low tan/3 
region and is much dependent on the squark sector (especially mi and At). The branching 
ratio for b ^ s'~f also constrains the squark sector although it has some influence on the 
parameters of the gaugino/higgsino sector as it strongly favors /i > 0. 

A model independent approach with a manageable number of free parameters is then 
possible when one restricts oneself to the gaugino/sleptons sectors making only mild 
assumptions about the reminder of the MSSM parameters. Of particular interest is the 
lower limit on the neutralino mass that can be obtained in a general model. Indeed a light 
neutralino LSP opens the door for a sizeable branching fraction of the Higgs into invisible 
thus reducing universally the branching fractions into the usual discovery channels for a 
light Higgs, h ^ or h —>■ bb [^. This possibility has triggered analyses by the LHC 
experiments to search for the Higgs with a sizeable branching fraction into invisible |p. 

Here we concentrate solely on the lower limit on the neutralino mass in the general 
MSSM model. In particular we treat the case where the masses of Ir and II are not 
correlated. We also discuss the < as well as the large tan/3 cases even though they 
do not lead to the largest invisible Higgs width. 



2 MSSM parameters 



In the approach we are taking, the free parameters include the ones of the gaugino/higgsino 
sector as well as the parameters of the slepton sector. We consider two options, a model 
reminiscent of mSUGRA models featuring a common mass for the sleptons at the GUT 
scale (model MO) and a model where the slepton masses are not correlated (model LR). 
We impose universality among the generations. Altogether we allow 6(7) free parameters 
in model MO (LR): 

tan/3,Mi,M2,/i,y4i,mo {m^^^m-e^) (1) 

Using the renormalization group equations the masses at the weak scale can be related 
to the ones at the GUT scale, in model MO. For sleptons this can be done rather inde- 
pendently of the other MSSM parameters [^. We assume that all the squarks are heavy 
and that the pseudoscalar mass Ma is large. We will only consider values of tan/5 > 5 
to make it easier to satisfy the direct limit mh > llAGeV. To characterize the amount 
of non universality we define the parameter ri2 = For scans over parameter space, 
unlesss otherwise specified, we will consider the range 

5 < tan/3 < 50,M2 < 2 TeV, .001 < ri2 < .6, \n\ < 1 TeV,mo{me^,mej,) < 1 TeV (2) 

We will usually fix A/ = as most of the processes we will discuss are not very sensitive 
to the exact value of this parameter for the sleptons. For the squarks we take a value for 
At that gives a large enough Higgs mass. 



3 Direct limits from LEP 

The direct limits from LEP on gauginos as well as on sleptons are relevant to obtain 
a lower bound on the lightest neutralino as the sleptons play an important role in the 
relic density calculation. The LEP experiments obtain a lower limit on the neutralino 
mass while assuming unified gaugino masses at the GUT scale. The constraint on the 
neutralino mass is basically derived from the lower limit on the chargino mass obtained 
in the pair production process. The lower bound on the chargino rests near the kinematic 
limit, > 103.5GeV when sneutrinos are heavy, and drops to m+ > 73 GeV when 
75 < rui^ < 85GeV due to the destructive interference between the t- and s-channel 
contributions. In a general MSSM, the charginos and neutralino masses are uncorrelated 
and the lower limit on the neutralino mass weakens when ri2 < .5. The production 
of XiX^lXs) can be used to somewhat constrain the parameter space. In our scans we 
implemented the upper limit from the L3 experiment on these cross-sections |]TU[. For 



selectrons, a hmit of 99.5GeV can be set on both as well as cr in the case of a light 
neutralino, whereas basically model independent limits of > 96GeV and rrif > 86GeV 
can be reached . 



The radiative processes where a photon is emitted in addition to a pair of invisibly 
decaying supersymmetric particles will contribute to the process e"^e~ ^ 7 + invisible 
which has been searched for by the LEP2 experiments. Such processes can be used to 



search for the hghtest neutrahno |T2| or sneutrinos decaying to z> — ^> x°z/. The radia- 
tive processes can also help closing some loopholes in the LEP analyses in the case of 
charged sparticles that decay invisibly when they are nearly degenerate in mass with the 
LSP. Using calcHEP [|T3[ we have computed all radiative processes involving sleptons and 
gauginos. 

For the lightest neutralino, after scanning over a wide range of parameters in the 
MSSM, we found that the cross-section could reach a = 50fb for mo = lOOGeV. This 
is below the value reached by LEP, approximately a < 0.2(.l)pb for one(four) experi- 
ment (s). However, for sneutrinos, the cross-section for the radiative process often exceeds 
these limits. For sleptons nearly degenerate with the LSP, we found lower limits on the 
neutralino even more stringent than in the case without mass degeneracy, for example, 
mg^ ^ m^o > 56GeV for tan /3 = 10, /i > in model MO. 



4 Indirect limits : relic density, {g — 2)^, 6 ^ 57 

A MSSM model with a light neutralino must be consistent at least with the upper limit on 
the amount of cold dark matter {Qh"^ < .3). Our calculations of the relic density is based 
on micrOMEGAs, a program that calculates the relic density in the MSSM including all 



possible coannihilation channels |jT^. For the light neutralino masses under consideration, 
it is the main annihilation channels that are most relevant, in particular annihilation into 
a pair of light fermions. Basically two diagrams contribute, s-channel Z (or Higgs) and t- 
channel sfermion exchange. A light neutralino that is mainly a Bino couples preferentially 
to right-handed sleptons, the ones that have the largest hypercharge. To have a large 
enough annihilation rate (in order to bring down the relic density below the upper limit 
allowed) one needs either a light slepton or a mass close to Mz/2. In the former case, 
the constraint from LEP plays an important role. In the heavy slepton case, the coupling 
of the Z should be substantial, which requires that the neutralino should have a certain 
Higgsino component. This means fi small, but still consistent with the chargino constraint. 

Both the theoretical predictions and experimental results on the muon anomalous mag- 
netic moment have been refined on several occasions in the last year. At this conference, 
we presented results obtained using the bound 



6a^ = (23 ± 15|e.p. ± 14|thco.) x 10-^°. (3) 
Adding linearly the theoretical error to a 2a experimental error, this translates into 

- 21 < 5a^ X 10^° < 67. (4) 
Here, the hadronic vacuum polarisation is extracted after averaging the e~^e~ and r data 



| 15| . This value has been updated in the last few weeks with a more precise experimental 
result ||T6| as well as new estimates of the hadronic vacuum polarisation ||1^ . The allowed 
2(7 range (using e~^e~ data alone) becomes 

- 3 < X 10^° < 67 (5) 



To be very conservative and since many issues need to be clarified in particular concerning 
the estimation of the hadronic polarisation, we will still discuss the limits presented in 



Eq. ^. Note that in this case, the lower bound corresponds roughly to the 5a limit based 
on the most recent results using only e~^e~ data |T^. In that scenario, the values /i < 0, 
although severely constrained at large tan/5 are not completely ruled out. Note that 
in general the sign of n is strongly correlated to the one of 6a ^, however cancellations 
between the chargino and the neutralino diagrams can change the relative sign of 6a^ and 
fi. When /i > 0, only scenarios with large tan/5, small mo and light neutralinos/charginos 
are expected to exceed the upper limit. 

The b —>■ sj depends mostly on the squark and gaugino sector. We find that for a given 
value of tan/5 it is always possible to find some values of At that brings the branching 
ratio in the allowed range, 

2.04 X 10"^ < Br{b 57) < 4.42 x 10"^ (6) 

over the full set of parameter space and that is also consistent with the Higgs mass. 

5 Results 

1) Heavy sleptons, mo = SOOGeV. 

In the case of heavy sleptons, the main constraint on the neutralino arises from the 
relic density. The contribution from sfermion exchange to neutralino annihilation should 
be negligible. Then in order to have a sufficient annihilation rate, which means sufficient 
coupling to the Z, a certain amount of Higgsino component is necessary. We scanned over 
the parameters ri2, M2, /i, tan/5 as specified in Eq.^. The minimum value for the mass is 
m^o > 27GeV and occurs for ri2 < .2. This lower bound is more or less independent of 
tan /5 and occurs for ^ lOOGeV. Improving the upper bound on the relic density would 
strengthen the lower limit on m^o by a few GeV's. However one cannot do much better 
than ^ 35GeV. Indeed, when m^o approaches Mz/2, the effect of the Z peak becomes so 
important that the relic density constraint is easily satisfied. As ri2 increases, the direct 
limit from the chargino mass dominates. 

2) Light sleptons, /i > 

One expects the contribution from t-channel sfermions to weaken the constraint from 
the relic density. Here the constraints on the mass of sfermions from LEP must be taken 
into account. We show in Fig.[l| the lower limit on the neutralino mass as a function of 
ri2 after scanning over M2 , n and mo . The lower bound on the neutralino mass rests at 
18GeV for tan/5 = 10 and ri2 < .2. This lower bound increases with ri2 and follows the 
limit from the chargino mass. At larger values of tan /5, the relic density constraint is 
more severe except for ri2 < .1. Furthermore one starts to marginally see the impact of 

the {g - 2)^. 

3) Light sleptons, /i < 0. 

The main difference with the case discussed above is that here the [g — 2)^ constraint 
plays an important role. To get some insight on the effect of combining various constraints 
we first consider the special case, fi < 0,ri2 = .1. The free parameters are M2,mo,/i. As 
already mentioned it is in the small mo region that one finds the lightest neutralino. 
However, it is precisely in that region of the mo — Mi plane that one gets too large a 




contribution to 5a^ as displayed in Fig.^ for tan (3 = 10. Coupling the limit from (5a^ 
with the one from the relic density then considerably strengthens the lower limit on the 
neutralino mass, m^o > 27GeV. Furthermore one finds that the lightest neutralino allowed 
are necessarily accompanied by light charginos. For larger values of tan/3, it becomes 
increasingly difficult to accommodate light neutralinos due to the constraint from 5a^. 




M2(GeV) M,°(GeV) 

Figure 2: Impact of the 5a^ = —21 x 10^"'^'^ constraint (crosses, dark grey) on the allowed 
region (circles, light grey) in the a) Mq — M2 plane b) m+ — m^o plane for /i < 0, ri2 = 
.l,tan/3 = 10. Contours for 5a^ = —21, —11, —3 x 10^^^ are displayed. 



From a full scan over the parameter space for /x < we find that combining the three 
constraints increases the lower bound on the neutralino especially in the ri2 ~ .1 — .4 
region (Fig.|I|). When Mi << M2 cancellations between the neutralino and chargino 
contributions to can occur thus making it possible to have m^o ^ 20GeV. The impact 



of the {g — 2)^is more drastic for very large tan j3. These resuhs hold for the model MO. 

For model LR, allowing light has no significant impact on the relic density contri- 
bution which is dominated by cr. However the {g — 2)^ is much relaxed and basically 
one recovers more or less the results obtained without the constraint from {g — 2)^. 



6 Conclusion 

Combining the upper limit from the relic density of neutralinos with direct limits from 
LEP on gauginos and sleptons constrains the MSSM with non universal gaugino masses. 
In particular a lower limit on the neutralino mass is obtained, m^o > 12 — 18GeV for 
Ml << M2, leaving ample room for an invisibly decaying Higgs boson. The implication 
of such models at linear colliders are dicussed in Ref. []TU| . 

Acknowledgments 

This work was supported in part by the PICS-397. 



References 



[1] 

[2] 



[3] 
[4] 
[5] 
[6] 



[7] 



[9] 
[10] 

[11] 
[12] 

[13] 

[14] 

[15] 

[16] 

[17] 

[l< 
[19] 



H. Baer, C. Balazs, A. Belyaev, J. K. Misukoshi, X. Tata, Y. Wang, |hep-ph/0205325 . 
J. Ellis et ai, Phys. Lett. B50 2 (2001) 171, [h^ph/0009355| 
Phys. Lett. B510 (2001) 236, |hep-ph/0102098| ; J. Ellis, 



J. Ellis et ai, 
D. V. Nanopoulos, 



K. A. Olive, Phys. Lett. B508 (2001) 65, |hep-ph/ 01 023311 . 

M. E. Gomez, G. Lazarides, C. Palhs, Phys. Lett. B487 (2000) 313, |hep-ph/0004028| ; 
A. Bottino et ai, Phys. Rev. D 63 (2001) 125003, |hep-ph/0010203| . 
H. Baer et al, |hep-ph/0204T08| . 

R. Arnowitt, B. Dutta, |hep-ph/020"4T87| ; R. Arnowitt, B. Dutta, Y. Santoso, |Eep^ 
ph/0010244 



K. Olive, these proceedings. 

G. Belanger et ai, Phys. Lett. B519 (2001) 93, |hep-ph/0106275| ; G. Belanger et al. 
Nucl. Phys. B581 (2000) 3, |hep-ph/0002039| . 
O. Eboh, D. Zeppenfeld, Phys. Lett. B495 (2000) 147. 
More details can be found at [http:/ /13" 



www.cern.cn/ 



For details see [http:/ /lepsusy.web.cern.ch/lepsusyTI 

K. Grassie, P. N. Pandita, Phys. Rev. D30 (1984) 22. 

A.Pukhov et ai, Preprint INP MSU98-41/542, 1998; |hep-ph/ 9908288 . 



G. Belanger et al, Comp. Phys. Comm. 149 (2002) 103, |liep-ph/ 01 12278 . 
M. Knecht et ai, |hep-ph/OlllO^ A. Nyffeler, |hep-ph/0203^ 



G.W. Bennett et ai, Phys. Rev. Lett. 89 (2002) 101804, |hep-ex/ 0208001 



K. Hagiwara, A.D. Martin, D. Nomura, T. Teubner, |hep-ph/0209187 . 
S. Martin, J. Wells, |hep-ph/0209309| . 

G. Belanger, F. Boudjema, A. Pukhov, S. Rosier-Lees, in preparation. 



